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PURPOSE

The purpose of this writing is to present the Enclosure 1 report written to fulfill the

requirements of Task Assignment 1 of Contract NAS 5-32314. The report evaluates the

Meteorological Operational (Satellites) (METOP) qualification level (9.66 Grrns) random

vibration PSD spectrum loads on the METSAT AMSU-A1 unit.



SUMMARY

The structural evaluation of the METOP random vibration 9.66 Grms spectrum on the

METSAT AMSU-A1 module shows the unit possessing all positive margins of safety. The

analysis is performed similarly to Ref 1, utilizing '3 Sigma' loads with additional 1.25 yield/1.4

ultimate factors of safety applied. The design changes highlighted in Ref 2 (upper aft panel

flange thickness increases and the use of the actual measured lower flange thickness (.050) on

the upper front panel) are also incorporated in this analysis.

Figure 1 identifies the qualification level random vibration PSD spectrums for METOP

(9.66 Grins), METSAT (8.8 Grins), and EOS (10.0 Grms). When compared to METSAT,

METOP is seen to posses more energy at the low frequencies (20-150 Hz) as well as the high

end frequencies (700-2000 Hz). The middle frequencies (150-700 Hz) show METSAT to be
the more severe. Overall PSD spectrum Grms is 10 % more for METOP.

The Enclosure 1 METOP report is written similarly to the METSAT Ref 1 report. A 'Q'

of approximately 7 is employed in the NASTRAN random vibration solution. METOP
random vibration stresses are reported first (Tables 1 through 4 and Appendix C), followed by

METOP/METSAT response comparisons in Tables 5, 6, and 7. Card cage rattlespace

calculations (Table 8), the modal effective weight summary (Table 9), natural frequencies

(Figures 6 through 17), transmissibility's (Figures 18 through 44 and Appendix D), panel

flange bending stresses (Tables 10 through 19), and panel mounting screw stresses due to

flange bending loads (Table 20 through 29) are also discussed in the report.

A comparison of margins of safety from the Reference 1 METSAT report to the

Enclosure 1 METOP report is as follows. Note the generally smaller margins associated with

METOP loads. All margins of safety, however, remain positive, with factors of safety (1.25

yield/1.4 ultimate) employed in addition using 3 Sigma' loads.

Margins of Safety Summary Comparison

Subject Ref 1 METSAT Encl 1

Report Report

METOP

Random Vibration 8.8 Grms +0.62 9.66 Grms +0.16

Table 11 Table 1

Rattlespace Table 15 .037-.005=.032 Table 8 .037-.005=.032
clearance clearance



Marginsof SafetySummaryComparison(Continued)

Subject Ref 1 METSAT Encl 1
Report Report

PanelFlangeBending

METOP

UpperFrontPanel Table27 +0.34 Table 10 +0.15
UpperRight Front Table28 +0.76 Table 11 +0.90
SupportPanel

Lower RightPanel Table29 +4.84 Table 12 +4.16
Lower Aft Panel Table30 +1.05 Table 13 +0.58
UpperMotor MountPanel Table31 +1.75 Table 14 +1.34
Lower Motor Mount PanelTable32 +0.06 Table 15 +0.04
LowerFrontPanel Table33 +0.33 Table 16 +0.29
UpperAft Panel Table34 +0.36 Table 17 +0.19
UpperRightPanel Table35 +0.48 Table 18 +0.17
LowerRight Front Table36 +0.94 Table 19 +0.91
SupportPanel

PanelMountingScrews

+5.6 Table20 +4.7
+6.1 Table21 +6.7

+13 Table22 +12
+5.3 Table23 +3.9
+11 Table24 +11
+5.5 Table25 +5.5
+6.0 Table26 +5.1
+0.32 Table27 +0.15
+7.7 Table28 +5.9
+22 Table29 +21

UpperFrontPanel Table 37
UpperRight Front Table38
SupportPanel

Lower RightPanel Table39
LowerAft Panel Table40
UpperMotor MountPanel Table41
LowerMotor MountPanelTable42
LowerFrontPanel Table43
UpperAft Panel Table44
UpperRightPanel Table45
Lower RightFront Table46
SupportPanel

T. Kell_ T_

Mechanical/Structural/ThermalTeam

1:_"t_ffn_er'_v_L_ ^_'
R.J.

Mechanical/Structural Analysis
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This Stress Analysis Report for the Meteorological Satellites Project (METSAT) Advanced

Microwave Sounding Units-A (AMSU-A), A1 Module, reports the random vibration structural margins of

safety and natural frequency predictions for the METSAT design subjected to the Meteorological Operational

(Satellites) (METOP) Qualification Level 9.66 grms Random Vibration PSD Spectrum. The report has been

prepared in accordance with GSFC S-480-79, Performance Assurance Requirements (PAR) for the Earth

Observing System (EOS) & Meteorological Satellites Project (METSAT) Advanced Microwave Sounding
Units-A.

1.1 Identification

This is the Stress Analysis Report for the METSAT Advanced Microwave Sounding Units-A

(AMSU-A), Module A1 subjected to the METOP Random Vibration Power Spectral Densitry (PSD) Spectrum

Loading. This report is submitted to fulfill the requirements of Task Assignment Number 1 of Contract NAS

5-32314. The analysis is of the METSAT AMSU-A1 unit using METOP launch loads (Qualification Level

9.66 grms Random Vibration PSD Spectrum).

1.2 Purpose and Objectives

The purpose of this analysis is to show that the METSAT AMSU-A1 Module exhibits positive

structural mar_ns of safety when subjected to the METOP Qualification Level 9.66 grms Random Vibration
PSD Spectrum.

1.3 Document Status and Schedule

This is the July 1996 submittal of the METOP Qualification Level 9.66 grms Random
Vibration PSD Spectrum Stress Analysis Report for the METSAT AMSU-A1 Module.
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A stress analysis of the primary structure of the METSAT AMSU-A1 Module has been

performed using METOP Qualification Level 9.66 grms Random Vibration PSD Spectrum loads given in

Task Assignment Number 1 of Contract NAS 5-32314. The METOP qualification level random vibration

PSD spectrum is shown in Figure 1, in comparison to the METSAT 8.8 grms spectrum and the EOS 10.0

grms spectrum. For METOP, rms stress levels are taken to the 3 Sigma (3c_) level (3.0 x stress at 9.66 grms

load), multiplied by factors of safety (1.25 yield, 1.4 ultimate), and compared to material yield and ultimate

strengths. The minimum margins of safety summary is given in Table I. All positive margins result from

this task, with the highest loaded region being the power control/monitor standoffs with margin of safety

(MS) +0.31. This compares to a minimum hiS of +0.62, at the same location, when the METSAT

Qualification Level 8.8 grms Random Vibration PSD Spectrum is used. Mmimum margins of safety are

given for METOP loads based on the three individual loading directions in Tables II through IV. An

extensive random vibration stress spreadsheet is included in Appendix C of this report. Q levels resulting

from application of the METOP qualification level random vibration spectrum (9.66 grms) with critical

damping of 7 percent are tabulated for each component for each loading condition.

The transmissibility of various regions of the NASTRAN model are identified in the

Transmissibility Summary Table of Appendix D. Q-levels resulting from application of the METOP

qualification level random vibration spectrum (9.66 grms) with critical damping of 7 percent are tabulated

for each component for each loading condition. Comparisons of response levels between METOP (9.66 grms

input) and METSAT (8.8 grms input) are shown in Tables V (X-Load), VI (Y-Load), and VII (Z-Load). Large

Q values (greater than 4) are found at the power control]monitor bracket (Z-load, Y-response, Q = 7.5; X-load,

and Y-response, Q = 6.5), the upper right front support panel (Y-load, Y-response, Q = 6.7), the upper

reflector (X-load, Z-response, Q = 6.8), the lower reflector (X-load, X-response, Q = 6.1), the left panel (Y-load,

Y-response, Q = 4.6), and the radiator panel (X-load, X-response, Q = 4.0). This information agrees fairly
well with the NOAA/AMSU-A1 test data used to predict the applicable damping. Based on NOAA testing, a

maximum Q of 7 was measured at the reflectors. Note that the power control/monitor, with maximum Q of

7.5, is new to the AMSU design in METSAT/EOS, as is the METOP qualification level random vibration

spectrum (9.66 grms). Plots of PSD input spectrum versus frequency and response versus frequency are

included for the higher loaded locations (see Figures 18 through 30 for X-axis loading, Figures 31 through 39

for Y-_.xis loading, and Figures 40 through 44 for Z-axis loading).

The rattlespace of the circuit cards of the upper and lower card cages is investigated based on

the qualification level random vibration spectrum (9.66 grms). As shown in Table VIII, the more severe

condition occurs at the lower card cage where minimum card spacing is 0.037 inch and calculated maximum

displacement is 0.005 inch at the 3g level (3.0 x displacement at 9.66 grms load). At the upper card cage,

minimum spacing is 0.137 inch, with maximum 3v displacement of 0.002 inch. There will be no contact of

adjacent circuit cards in either card cage. Appendix D contains rattlespace deflections in the summary

sheets.

Natural frequency data are identical to those presented in Aerojet Report 10805, and are

included here for completeness. The first natural frequency of the METSAT AMSU-A1 Module is predicted

at 101.8 hertz (Hz). As shown in Figure 6, the top panel canopy over the sidemount flexes to produce the

first mode. This mode shape is local to the top panel, with no mass participation elsewhere in the model, as

demonstrated in Table IX, the modal effective weight and participation factor summary for the first 16

modes.
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Figures 6 through 17 identify the first twelve non-rigid body modes. Modes 2 (109.0 Hz), 3

(109.0 Hz), 4 (109.5 Hz), and 5 (109.7 Hz) are all the result of the lower card cage cards flexing in the lower

card cage (see Figures 7 through 10). Of these four modes, only mode 4 possesses any significant modal

effective weight (X-axis 1.2 percent), with the card cage and power control/monitor moving along with the
lower cards.

Mode 6 (120.4 Hz) shows significant power control/monitor circuit board movement, along

with the upper aft, top, and radiator panels distortions. Both reflectors, the lower baseplate, and lower shelf

are also agitated (Figure 11). The significant modal effective weight for mode 6 is along the X-axis, with 8.5

percent of the model reacting. Mode 6 is a rocking of the entire structure about the Aerojet METSAT

y-z plane. Mode 7 (121.4 Hz) shows pronounced rotation along the X-axis by the reflectors, with more

movement in the upper reflector (Figure 12). Mode 8 (121.9 Hz) is similar to mode 7, but with the

predominant movement in lower reflector (Figure 13). Mode 9 (122.0 Hz) movement in also an X-axis

rotation in the lower reflector (Figure 14).

The 10th and llth modes at 130.9 Hz and 131.8 Hz, respectively, are the first extensive

modal mass participation modes with 27.7 percent and 28.8 percent Z-axis participation (Figures 15 and 16).

Both modes exhibit an overall rocking of the structure about the X-axis with overall Z-axis translation. The

12th mode (138.4 Hz) with 6.2 percent X-axis modal mass participation shows considerable Z-axis rotation at

the lower reflector (Figure 17).

The analysis demonstrates a slight margin over the 100 Hz threshold first natural frequency.

The panel flange bending stresses, summarized in Tables X through XIX, show all positive

margins of safety. Loading condition is the METOP 9.66 grms random vibration 3a loading with factors of

safety 1.25 yield/1.4 ultimate applied. The upper aft panel side flanges, when thickened locally at the

stiffened panel DC/DC converter upper mount, show a minimum MS = +0.19 with minimum t = 0.145 local

flanges. The upper front panel lower flange with minimum as-built lower flange thickness of t = 0.050 per

random vibration loads, shows a minimum MS of +0.15. Minimum calculated MS, at the lower motor mount

panel upper flange, is +0.04 per random vibration 3a loading with factors of safety 1.25 yield/1.4 ultimate

applied.

Stresses in the panel flanges' attachment screws are highlighted in Tables XX through XXIX,

with lowest margin at the upper aft panel left (+Y) side flange at the locally stiffened region where the

stiffened panel DC/DC converter upper mount intersects. Minimum MS = +0.15 for the NAS1352N06
screws.

Based on the positive margins of safety determined with factors of safety applied by random

vibration loads application, the upper aft panel side flanges redesign, and the upper front panel lower flange

inspected thicknesses, the METSAT AMSU-A1 module will maintain structural integrity in the METOP

qualification level random vibration environment.
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4.1 Finite Element Model

Figures 2 through 5 display the NASTRAN finite element model of the METSAT AMSU-A1

structure used to evaluate the METOP random vibration loads. The basic coordinate system used in the

METSAT analysis is again used to evaluate the METOP loads. This coordinate system is identical to that

used in the EOS analysis (Ref. Aerojet Report 10381). This orientation differs from (1) the METSAT PAR

document which utilizes the spacecraft coordinate system identified on GE ATN Spacecraft Assembly

Drawing 3278200, and (2) the METOP basic coordinate system. A comparison of systems follows. Figure 2

contains all three of the following systems.

Aerojet METSAT

Coordinate

GSFC-S-79 PAR

Coordinate _.

METOP

Coordinate

+X Axis -Y Axis -Y Axis

+Y Axis -Z Axis -X Axis

+Z Axis +X Axis -Z Axis

The METSAT AMSU-A1 finite element model is a modification of the EOS AMSU-A1 finite

element model. The METSAT AMSU-A1 Module is mounted to the spacecraft through a sidemount bracket.

The EOS AMSU-A1 Module is mounted from the lower baseplate. The design of the primary structure is

essentially the same for the two units except for the following:

a.

b.

C.

d.

e.

f.

.

h.

Lower Baseplate. Different designs and drawings.

Sidemount. Only used on METSAT.

Top Panel. Different designs and drawings.

Left Panel. Different designs and drawings.

Radiator Panel. Only used on METSAT.

Signal Processor. METSAT has two cards in Upper Card Cage. EOS Upper Card

Cage is empty. METSAT has four different cards in Lower Card Cage.
Power Control/Monitor. Different designed enclosure and connectors.

Insulation and Mirror Tile representations. Modified.

The NASTRAN finite element model prepared for EOS AMSU-A1 and shown in Aerojet

Report 10381 is modified for the METSAT AMSU-A1 design. In the current METSAT effort, a more refined
NASTRAN model has been developed to more accurately represent the METSAT structure. The model

statistics are:

9307

1018

8288

688

385

Grids

Bar/Beam Elements

Rectangular Plate Elements

Triangular Plate Elements
Point Mass Elements

The total mass of the model is 119.4 pounds. Mass properties, presented in the METOP

Coordinate System Axes (with origin at sidemount shear pin at GRID 10724, see Figure 45), at the center of

gravity, are shown below.
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Mass 119.4lb

CenterofGravity
x

Y
z

-8.831 in

-13.083

0.274

Moment of Inertia (@ cg)

Ixx 12,587

Ixy 32
Ixz 145

Iyx 32

Iyy 7,351

Iyz 1,803
Izx 145

Izy 1,803

Izz 9,114

lbf-in-sec 2

Appendix A, in Figure A-1 through A-4, shows the model assembly. Figures A-I, A-2, and A-

3 show different views of the assembled structure, while Figure A-4 is a section view of the model, showing

the components modeled in the interior (i.e. shelves, card cages, warmload structures). A detailed

description of the METSAT NASTRAN finite element model is found in Report 10738A, where elements and

grids are highlighted in the piece part models.

4.2 Boundary Conditions

The model is constrained along the three orthogonal axes on the sidemount at each of the 16

spacecraft mounting bolt locations and along the two transverse axes (X and Z in Figure 45) at the 2 dowel

pin locations. The constraints are imposed using NASTRAN single point constraint cards.

4.3 Load Application

The METOP random vibration load, shown in Figure 1 (Ref. Task Assignment Number 1 of

Contract NAS 5-32314 for the METOP Qualification Level (9.66 grms) PSD Spectrum), is applied along each

of the three orthogonal axes. Three load cases are run, each load case representing the random spectrum in

one of the METSAT axes shown in Figure 2.

The random vibration analysis is performed using the NASTRAN code with a type G

structural damping value of 0.14. The critical damping percentage is 1/2 of this value, or 7 percent. For

large Q, the amplification or quality factor, Q, is approximated by

Q = 1/[2(c/cc)]

where c/cc = fraction of critical damping

With c/cc equal to 0.07, an amplification (Q), of 7.14 is determined. A Q = 7.14 corresponds to

the largest Q found in test data of the NOAA AMSU-A1 unit. To the stresses derived from the NASTRAN

random vibration stress output, a 3.0 factor is applied to produce 3v values, plus an additional factor of

safety (FS) of 1.25 on yield or 1.4 on ultimate is also used.
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For the random vibration loading, the output from each orthogonal axis load case is

reviewed. The maximum principal stresses for plate elements and beam elements are used for margins of

safety calculations. For plate elements, the normal and shear stresses are assumed in phase in calculating

the principal stresses. Likewise, for bar elements, the axial and bending components are also considered to

be in phase, and are thus algebraically added.

The stresses shown in Tables II through IV are statistical 3a stress levels, and are the results

of the METOP random vibration spectrum (qualification level, 9.66 grms) orthogonal loading cases, with 3.0

multiplication factors employed. These 3g stresses are then multiplied by 1.25 to calculate the yield margins

of safety and by 1.4 to calculate the ultimate margins of safety. Tables II through IV present the worst case

stresses for the groups of elements representing the structural components of the primary structure. The

tables give the results for each of the three load cases. Table I summarizes the minimum margins for the
three cases. The worst axis of load application depends on the orientation of the structural item. Appendix

C contains an extensive random vibration stress table, identifying the stress levels for the elements

evaluated, for each orthogonal load direction.

The transmissibility (Q levels) shown in Appendix D are the result of the output level grms

acceleration divided by the input level grms acceleration (9.66 grms for each METOP qualification level), for

critical damping at 7 percent. Output shown in Appendix D consists of the rms response (rms in units of

(in/see2), the grms response (grins in units of g's), and the transmissibility's Q (response grms divided by

input grms). Plots of the input spectra are shown in Figures 18, 31, and 40 for the X, Y, and Z loadings,

respectively, identifying 9.66 grms input levels. Plots response (in units of (in/sect) _"/Hz ) versus frequency

are included for the higher loaded locations (see Figures 19 through 30 for X-axis loading, Figures 32

through 39 for Y-axis loading, and Figures 41 through 44 for Z-axis loading).

Comparisons of response levels between METOP (9.66 grms input) and METSAT (8.8 grins

input) are shown in Tables V (X-Load), VI (Y-Load), and VII (Z-Load). From these tables it is seen that the

large responses (Q greater than 4) are more benign for the METOP input spectrum (i.e. at the power

control/monitor bracket Y-response with Z-load, METSAT Q=8.6, METOP Q=7.5).

The rattlespace calculations are tabulated in Appendix D for both upper and lower card cage

circuit cards. Circuit card displacements based on 3a random vibration loadings for each orthogonal axis are

listed. The use of MPC elements between adjacent modeled circuit cards in the NASTRAN finite element

model is made in determining the remaining gaps between cards.

The first 12 non-rigid body natural frequency mode shapes are depicted in Figures 6 through

17, from analysis using the large mass method in the finite element model. To demonstrate the
mathematical soundness of the NASTRAN model, the model is subjected to a stiffness-equilibrium check

similar to the EOS requirement of GSFC 422-11-12-01 Paragraph 11.1.4.i (Deliverable Model Validity
Check). The METSAT model is shown to satisfy this check, with the normalized KFFRN matrix empty (see

Appendix B).

The flange bending stresses, summarized in Tables X through XIX, show all positive margins

of safety. The upper aft panel side flanges are thickened locally to a minimum t = 0.145 at the locations

where the panel stiffened DC/DC converter t=0.250 upper mount region intersects. With this action, positive

MS (+0.19) based on random vibration 3(_ loading with factors of safety 1.25 yield, 1.4 ultimate applied are

found. The upper front panel lower flange has a required minimum t = 0.045 per random vibration 3_

loading with factors of safety 1.25 yield, 1.4 ultimate applied. With lower flange specified drawing thickness
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of 0.050± .010,the as-builthardwarehasbeeninspectedand showsa minimumt = 0.050 lower flange

thickness on all METSAT (and METOP) units to date. Thus a positive MS (+0.15) is determined. Minimum

calculated MS, in the panel flanges is at the lower motor mount panel upper flange, with a MS = +0.04 per

random vibration 3_ loading with factors of safety 1.25 yield, 1.4 ultimate applied.

Stresses in the panel flanges' attachment screws are highlighted in Tables XX through XXIX,

with lowest margin at the upper aft panel left (+Y) side flange at the locally stiffened region where the

stiffened panel DC/DC converter upper mount intersects. Minimum MS = +0.15 for the NAS1352N06
screws.

8
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TableI METOPAMSU-A1MarginsofSafetySummary,All ElementsRandomVibration9.66grms

ITEM

NO.

PART MATERIAL/

DESCRIPTION NUMBER ALLOY

1 LOWER BASEPI...ATE ASSEMBLY

2 LOWER MOTOR MOUNT PANEL

3 UPPER MOTOR MOUNT PANEL

4 LOWER FRONT PANEL

5 LOWER AFT PANEL

6 UPPER BASEPLATE ASSEMBLY

7 UPPER FRONT PANEL

8 UPPER AFTPANEL

9 LOWER RF SHELF ASSEMBLY

10 UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPT PANEL

12 LOWER RIGHT PANEL

13 UPPER RIGHT FRONT SUPT PANEL

14 UPPER RIGHT PANEL

15 TOP PANEL

16 LEFT PANEL

17 LOWER LEFT WARMLOAD SHIELD

18 LOWER RIGHT WARMLOAD SHIELD

19 UPPER LEFT WARMLOAD SHIELD

20 UPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY

27 BEAM SUPPORT

28 LOWER REFLECTOR

29 POWER CONTROIJMONITOR r BKT

30 POWER CNTL/MNTR ASSY. PWB

31 iPWR CNTIJMNTR ASSY, STANDOFFS

32 RADIATOR PANEL

33 SIDEMOUNT ASSEMBLY

34 IUPPER REFLECTOR

1331404-1

1331414-1

1331389-1

1331401-1

1331652-1

1331356-3

1331352-3

1331642-3

1355429-1

1356409-1

1331447-I

1331650-1

1331390-I

1331651-1

1331648-1

1331640-1

1331445-1

1331405-1

1331647-1

1331646-1

1331600-1

1331600-1

1331162-1

1331162-1

1331162-1

1331380-1

1331380-2

1331406-1

1355777-1

ALUM/6061 -T651

ALUM/7075-T651

ALUM/Z075-T651

ALUM/6061 -T651

ALUM/2024.T851

ALUM/6061 -T651

ALUM/7075-T651

ALUM/2024-T851

BE/SR-2OOE

BE/SR-2OOE

ALUM/6061 -T651

ALUM/6061 -T6

ALUM/6061 -T651

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 .T6

ALUM/6061 -T6

ALUM/6061 -T6

REINF PLASTIC

ALUM/6061 -T6

ALUM/6061 .T4

REINF PLASTIC

ALUM/6061-T6

ALUM/6061 -T6

ALUM/7075-T6

ALUM/6061 -T6

1356790-1 ALUM/6061-T6

1356962-1 REINF PLASTIC

1356962-1 CRES 1/4 HARD

1331511-t ALUM/6061-T6

1331552-1

1355T77-1

ALUM/6061-T6

ALUM/6061-T6

"RANDOM VIBRATION LOAD CASES 88 GRMS INDEPENDENTLY IN X, Y, ANDZ

YIELD ULTIMATE 3 SIGMA" MARGINS OF SAFETY DIRECTION

(psi) (psi) !STRESS (psi YIELD ULTIMATE EL TYPE

35000 42000 10798 1.59 1.78 Z BEAM

66000 75000 15411 2.43 2.48 X BEAM

66000 75000 8077 5,54 5.63 X BEAM

35000 420C0 5414 4.17 4.54 X BEAM

58000 66000 2668 16.39 16.67 Z BEAM

35000 42000 5377 4.21 4.58 X BEAM

66000 75000 15600 2.38 2.43 X BEAM

58000 660(]0 22254 1.08 1.12 X SHELL

50000 70000 7954 4.02 5.28 Z SHELL

50000 70000 4799 7.34 9.42 Z SHELL

35000 42000 3992 6.01 6.52 X BEAM

35000 42000 4144 5.76 6.24 Y SHELL

35000 42000 6647 3.21 3.51 X BEAM

35000 420_0 4390 5.38 5.83 X SHELL

35000 42000 5507 4.08 4.45 X SHELL

35000 42000 2878 8.73 9.42 X SHELL

35000 42000 6276 3.46 3.78 X BEAM

35000 42000 6494 3.31 3.62 X BEAM

35000 42000 8763 2.20 2.42 X BEAM

35000 42000 10330 1.71 1.90 XBEAM

35000 42000 8237 2,40 2.64 Z SHELL

24000 40000 1841 943 14.52 Y SHELL

35000 42000 8133 2.44 2.69 Z BEAM

16000 30000 4161 2,08 4.15 ZBEAM

24000 40000 1742 10.02 15.40 X SHELL

35000 42000 5972 3.69 4.02 X SHELL

35000 42000 7284 284 3.12 Y SHELL

66000 75000 3989 12.24 12.43 Y BEAM

35000 42000 8439 2.32 2.55 X SHELL

35000 42000 10065 1,78 1.98 X SHELL

24000 40000 3744 4.13 6.63 X SHELL

44000 122000 26926 0.31 224 XBEAM

35000 42000 6814 3.11 340 X SHELL

35000 42000 12541 1.23 1.39 i Z SHELL

35000 42000 7219 2.68 3.16 [ X SHELL

-MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES

9
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Table II METOP AMSU-A1 Margins of Safety Summary, All Elements

Random Vibration 9.66 grms, X Direction

ITEM

NO. DESCRIPTION

1 :LOWER BASEPLATE ASSEMBLY

2 ILOWER MOTOR MOUNT PANEL

3 UPPER MOTOR MOUNT PANEL

4 LOWER FRONT PANEL

5 LOWER AFT PANEL

6 UPPERBASEPLATEASSEMBLY

7 UPPER FRONT PANEL

8 UPPER AFTPANEL

9 LOWER RF SHELF ASSEMBLY

10 UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPT PANEL

12 LOWERRIGHT PANEL

13 UPPER RIGHT FRONT SUPT PANEL

14 UPPER RIGHT PANEL

15 TOP PANEL

16 LEFT PANEL

17 LOWER LEFT WARMLOAD SHIELD

18 LOWER RIGHT WARMLOAD SHIELD

19 UPPER LEFT WARMLOAD SHIELD

20 IUPPER RIGHT WARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

23 UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY

24 UPPER CARD

25 LOWER CALIBRATION SOURCE ASSY

26 UPPER CALIBRATION SOURCE ASSY

27 BEAM SUPPORT

28 LOWER REFLECTOR

29 POWER CONTROL/MONITOR, BIEr

30 POWER CNTL/MNTR ASSY a PWB

31 PWR CNTIJMNTR ASSY, STANDOFFS

32 RADIATOR PANEL

PART

NUMBER

1331404-1

1331414-1

1331389-1

1331401-1

1331652-1

1331356-3

1331352-3

1331642-3

1331651-1

1331646-1

1331646-1

1331600-1

1331600-I

1331162-1

1331162-1

1331162-1

1331380-1

1331380-2

1331406-1

1355777-1

1331511-1

MATERIA_

ALLOY (psi) (psi)

ALUM/6061-T651 35000 42000

ALUM/7075-T651 66000 75000

ALUM/7075-T651 66000 75000

ALUM/6061-T651 35000 42000

ALUM/2024-T851 58000 66000

ALUM/6061-T651 35000 42000

ALUM/7075-T651 66000 75000

ALUM/2024-T651 58000 66000

1356429-1 BE/SR-200E 50000 70000

1356409-1 BEJSR-200E 50000 70000

1331447-1 ALUM/6061-T651 35000 42000

1331650-1 ALUM/6061 -T6 35000 42000

1331390-1 ALUM/6061 -T651 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061-T6 35000 42000

1331640-1 ALUM/6061-T6 35000 42000

1331445-1 ALUM/6061-T6 35000 42000

1331405-1 ALUM/6061-T6 35000 42000

1331647-1 ALUM/6061-T6 35000 42000

ALUM/6061 -T6 35000 42000

ALUM/6061 -T6 35000 42000

REINF PLAS_C 24000 40000

ALUM/6061-T6 35000 42000

ALUM/6061-T4 16000 30000

REINF PLASTIC 24000 40000

ALUM/6061-T6 35000 42000

ALUM/6061-T6 35000 42000

ALUM/7075-T6 66000 75000

ALUM/6061-T6 35000 42000

1356790-1 ALUM/6061 -T6 35000 42000

1356962-1 REINF PLASTIC 24000 40000

1356962-1 CRES 1/4 HARD 44000 122000

ALUM/6061-T6 35000 42000

ALUM/6061-T6 35000 42000

ALUM/6061-T6 35000 42000

33 !SIDEMOUNT ASSEMBLY

I
34 IUPPER REFLECTOR

1331552-I

1355777-1

-MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES

YIELD ULTIMATE 3 SIGMA" MARGINS OF SAFETY DIRECTION

STRESS (psi I YIELD ULTIMATE EL TYPE

1934 13.48 14.51 X BEAM

15411 2.43 2.48 X BEAM

8077 5.54 5.63 X BEAM

5414 4.17 4.54 X BEAM

2290 19.26 19.59 X BEAM

5377 4.21 4.58 X BEAM

15600 2.38 2.43 X BEAM

22264 1.08 1.12 X SHELL

5544 6.22 8.02 X SHELL

3455 10.58 13.47 X SHELL

3992 6.01 6.52 X BEAM

3950 6.09 6.59 X BEAM

6647 3.21 3,51 X BEAM

4390 5.38 5.83 X SHELL

5S07 4.08 4.45 X SHELL

2878 8.73 9.42 X SHELL

6276 3.46 3.78 X BEAM

6494 3.31 3.62 X BEAM

8763 2.20 2.42 X BEAM

10330 1.71 1.90 X BEAM

3405 7.22 7.61 X SHELL

868 21.12 31.92 X SHELL

5874 3.77 4.11 X BEAM

2426 4.28 7.83 X SHELL

1742 10.02 15.40 X SHELL

5972 3.69 4.02 X SHELL

2813 8.95 9.66 X SHELL

2707 18.50 18.79 X BEAM

8439 2.32 2.55 X SHELL

10065 1.78 1.98 X SHELL

3744 4.13 6.63 X SHELL

26926 0.31 2.24 X BEAM

6814 3.11 3.40 X SHELL

11041 154 1.72 X SHELL

7219 288 316 X SHELL

10
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Table III METOP AMSU-A1 Margins of Safety Summary, All Elements

Random Vibration 9.66 grms, Y Direction

ITEIV

NO.

1

2

3

4

5

6

7

8

9

DESCRIPTION

LOWER BASEPLATE ASSEMBLY

LOWER MOTOR MOUNT PANEL

UPPER MOTOR MOUNT PANEL

LOWER FRONT PANEL

LOWER AFT PANEL

PART MATERIAW

NUMBER ALLOY

1331404-1 ALUM/6061-T651

1331414-1 ALUIWT075oT651

1331389-1 ALUM/7075-T651

1331401-1 ALUM/6061-T651

1331852-1

UPPER BASEPLATE ASSEMBLY 1331356-3

UPPER FRONT PANEL 1331352-3

UPPER AFT PANEL 1331642-3

LOWER RF SHELF ASSEMBLY 1356429- I

ALUIVV2024-T851

ALUM/6061-T651

ALUM/7075-T651

ALUM/2024-T851

BE/SR-200E

10 UPPER RF SHELF ASSEMBLY

11 LOWER RIGHT FRONT SUPT PANEL

12 LOWER RIGHT PANEL

13 UPPER RIGHT FRONT SUPT PANEL

14 IUPPER RIGHT PANEL

15

16

17

18

t9

20

21

22

23

TOP PANEL

LEFT PANEL

LOWER LEFT WARMLOAD SHIELD

LOWER RIGHT WARMLOAD SHIELD

1356409-1

1331447-1

1331650-1

1331390-I

1331651-1

1331648-I

BFJSR-2OOE

ALUM/6061-T651

ALUM/606I-T6

ALUM/6061-T651

ALUM/6061-T6

ALUM/6061 .T6

1331640-I ALUM/6061-T6

1331445-I ALUM/6061-T6

1331405-1 ALUMI606I-T6

UPPER LEFT WARMLOAD SHIELD 1331647-1 ALUMJ6061-T6

UPPER RIGHT WARMLOAD SHIELD 1331646-1 ALUM/6061-T6

1331600-1 ALUM/606 t -T6LOWER CARD CAGE ASSEMBLY

LOWER CARD

UPPER CARD CAGE ASSEMBLY

23a UPPER CARD CAGE ASSEMBLY

24 UPPER CARD

1331600-1

25 LOWER CALIBRATION SOURCE ASSY

1331162-1

1331162-1

1331162-I

1331380-1

REINF PLASTIC

ALUM/6061 -T6

ALUM/6061 -T4

REINF PLASTIC

ALUM/6061 -T6

1331380-2 ALUIW606I-T6

1331406-1 ALUIVVT075-T6

1355777-I ALUM/'/075-T6

1356790-1 ALUM/6061-T6

1356962-1 REINF PLASTIC

1356962-1 CRES t/4HARD

26 UPPER CALIBRATION SOURCE ASSY

BEAM SUPPORT

LOWER REFLECTOR

POWER CONTROL/MONITOR, BKT

POWER CNTL/MNTR ASSY, PWB

PWR CNTL/MNTR ASSY, STANDOFFS

RADIATOR PANEL 1331511-1

SIDEMOUNT ASSEMBLY 1331552-1

27

28

29

30

31

32

33

%4 tlPPFR REFLECTOR 1355777-1

ALUM/6061 -T6

t ALUM/606I-T6ALUM J6061 -T6

YIELD ULTIMATE 3 SIGMA- MARGINS OF SAFETY DIRECTION

(psi) (psi) STRESS (psi', YIELD ULTIMATE EL TYPE

35000 42000 4394 5.37 5.83 Y BEAM

66000 75000 3687 13.32 13.53 Y SHELL

66000 75000 2402 20.98 21.30 Y SHELL

35000 42000 2884 8.71 9.40 Y BEAM

58000 66000 1407 31.98 32.51 Y BEAM

35000 42000 3294 7.50 8.11 Y BEAM

66000 75000 12969 3.07 3.13 Y BEAM

58000 66000 5242 7.85 7.99 Y SHELL

50000 70000 6707 4.96 6.45 Y SHELL

50000 70000 3585 10.16 12.95 Y SHELL

35000 42000 959 28.20 30.28 Y BEAM

35000 42000 4144 5.76 6.24 Y SHELL

35000 42000 4286 5.53 6.00 Y BEAM

35000 42000 3013 8.29 8.96 Y SHELL

35000 42000 1098 24.50 26.32 Y SHELL

35000 42000 2762 9.14 9.86 Y SHELL

35000 42000 2540 1002 10.81 Y BEAM

35000 42000 2410 10.62 11.45 Y BEAM

35000 42000 2606 9.74 10.51 Y BEAM

35000 42000 2778 9.08 9.80 Y BEAM

35000 42000 6331 3.42 3.74 Y SHELL

24000 40000 1841 9.43 14.52 Y SHELL

35000 42000 6880 3.07 3.36 Y BEAM

16000 30000 3107 3.12 5.90 Y SHELL

24000 40000 306 61.75 92.37 Y SHELL

35000 42000 5862 3.78 4.12 Y SHELL

3 r-_30 42000 7284 2.84 3.12 Y SHELL

66000 75000 3989 12.24 12.43 Y BEAM

66000 75000 9598 4.50 4.58 Y BEAM

35000 42000 1464 18.13 19.49 Y SHELL

24000 40000 1550 11.39 17.43 Y SHELL

44000 122000 6666 4.28 12 07 Y BEAM

35000 42000 1414 1880 20.22 Y SHELL

35000 42000 7565 2.70 2.97 Y BEAM

35000 42000 3912 616 667 Y SHELL

-MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES

II
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Table IV METOP AMSU-A1 Margins of Safety Summary, All Elements

Random Vibration 9.66 grms, Z Direction

ITEM

NO."

1

2

3

4

5

6

7

8

9

10

11

12

13

[4

15

16

17

18

PART

NUMBERDESCRIP'RON

LOWE R BASEPLATE ASS EMBLY 1331404-1

LOWER MOTOR MOUNT PANEL 1331414-1

UPPER MOTOR MOUNT PANEL 1331389-1

LOWER FRONT PANEL 1331401-1

LOWER AFT PANEL 1331652-1

UPPER BASEPLATE ASSEMBLY

UPPER FRONT PANEL

UPPER AFT PANEL

LOWER RF SHELF ASSEMBLY

UPPER RF SHELF ASSEMBLY

LOWER RIGHT FRONT SUPT PANEL

LOWER RIGHT PANEL

UPPER RIGHT FRONT SUPT PANEL

1331356-3

1331352-3

MATERIAL/

ALLOY

ALUM/6061 -T651

ALUM/7075-T651

ALUM/7075-T651

ALUM/6061 -T651

ALUM/2024-T851

ALUM/6061 -T651

ALUM/7075-T651

1331642-3 ALUM/2024-T851

1356429-1 BE/SR-200E

1356409-1 BE/S R-200E

1331447-1 ALUM/6061-T651

1331650-1 ALUM/6061-T6

1331390-1 ALUM/6061 -T651

UPPER RIGHT PANEL 1331651-1 ALUM/6061-T6

TOP PANEL 1331648-1 ALUM/6061 -T6

LEFT PANEL 1331640-1 ALUM/6061 -T6

LOWER LEFT WARMLOAD SHIELD 1331445-1

LOWER RIGHT WARMLOAD SHIELD 1331405.1

19 UPPER LEFTWARMLOAD SHIELD

20 UPPER RIGHTWARMLOAD SHIELD

21 LOWER CARD CAGE ASSEMBLY

22 LOWER CARD

1331647-1

23 UPPER CARD CAGE ASSEMBLY

1331646-1

1331600-1

1331600-I

133t162-1

1331162-1

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

ALUM/6061 -T6

23a UPPER CARD CAGE ASSEMBLY

UPPER CARD

LOWER CALIBRATION SOURCE ASSY

UPPER CALIBRATION SOURCE ASSY

24

25

26

27

REINF PLASTIC

ALUM J6061 -T6

ALUM/6061 .T4

133t162-1 REINF PLASTIC

1331380-1 ALUM/6061-T6

1331380-2 ALUM/6061-T6

BEAM SUPPORT 1331406-1

1355777-1

1356790-1

28 LOWER REFLECTOR

29 POWER CONTROLJMONITORt BKT

30 POWER CNTL/MNTR ASSY, PWB

31 PWR CNTL/MNTR ASSY r STANDOFFS

32 RADIATOR PANEL

33 SIDEMOUNT ASSEMBLY

q4 IIPPFR REFLECTOR

1356962.1

ALUM/7075-T6

ALUtvVT075-T6

ALUM/6061-T6

REINF PLASTIC

1356962-1 CRES 1/4 HARD

1331511-1 ALUM/6061-T6

1331552-1 ALUM/6061-T6

1355777-I ALUM/6061-T6

YIELD ULTIMATE 3 SIGMA-

(psi) (psi) STRESS (psi

35000 42000 10798

660O0 75000 3292

66000 750O0 1925

35000 42000 3804

58000 66000 2668

35000 42000 2505

66000 75000 6521

58000 66000 3483

50000 70000 7964

50000 70000 4799

3500(3 42000 1166

35000 42000 2524

35000 42000 2877

35000 42000 1887

35000 42000 2593

35000 42000 2681

35000 42000 4651

35000 42000 2864

35000 42000 3729

35000 420(30 2044

35000 42000 8237

24000 40000 704

35OOO 42000 8133

16000 30000 4161

24000 40000 340

35000 42000 4892

35000 42000 4772

66000 75000 3364

66000 75000 6630

35000 42000 2170

24000 40000 1158

44000 122000 7097

35000 42000 2097

35000 42000 i 12541

35000 42000 I 4282

-MAXIMUM PRINCIPAL STRESS BASED ON ASSUMED IN PHASE COMPONENT STRESSES

MARGINS OF SAI-L I Y DIRECTION

YIELD ULTIMATE EL TYPE

1.59 1.78 Z BEAM

15.04 15.27 ZBEAM

26.43 26.83 Z BEAM

6.36 6.89 Z BEAM

16.39 16.67 ZBEAM

10.18 10.98 ZBEAM

7.10 7.22 ZBEAM

12.32 12.54 Z SHELL

4.02 5.28 Z SHELL

7.34 9.42 Z SHELL

23.01 24.73 ZBEAM

10.09 10.88 Z SHELL

8.73 9.43 Z BEAM

13.84 14.90 Z SHELL

9.80 1057 Z SHELL

9.44 10.19 Z SHELL

5.02 545 Z BEAM

8.78 947 Z BEAM

6.51 705 Z BEAM

12.70 13.68 ZBEAM

2.40 264 Z SHELL

26.27 39.58 Z SHELL

2.44 2.69 Z BEAM

2.08 4.15 Z BEAM
1

5547 83.03 t ZSHELL
/

4.72 5.13 Z SHELL

487 5.29 Z SHELL

14.70 14.92 Z BEAM

6.96 7.08 Z BEAM

11.90 12.82 Z SHELL

15.58 2367 Z SHELL

396 1128 ZBEAM

12.35 1331 Z SHELL
J

1.23 I 139 t ZSHELL

554 I 601 I ZSHELL

]2
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Table IX METSAT AMSU-A1 Modal Effective Weight and Participation Factor Summary

i I i I
MODE I NATURAL X-AXIS Y-AXIS Z-AXIS I I

NO. 1 FREQ. °/o % % !

I Hz. I I
1 101.8 0.003 0.000 0.129! I
2 I 109.0 0.000 0.000 0.000 !

3 ] 109.0 I 0.000 0.000 0.000 i

4 I 109.5 I 1.195 0.001 0.017 I !

5 I 109.7 I 0.000 I 0.000 0.000 I I

6 ! 120.4 t 8.452 l 0.127 0.028 1 b

7 : 121.4 t 0.026 i 0.002 0.883 I t
8 i 121.9 0.017 ! 0.256 0.043 I I

9 I 122.0 0.064 I 0.150 0.147 I
' P L

10 i 130.9 I 1.876 ! 0.567 27.73 t I

11 _ 131.8 I 0.877 F 0.811 28.75 i t

12 ! 138.5 J 6.239 i 0.028 0.733 I i

13 i 139.6 1 0.000 0.000 0.000 1
14 i 140.8 0.050 I 0.004 0.004 c i
15 b 149.1 I 1.312 ! 0.052 0.100 1 I

r
16 ; 154.2 E 0.217 4 0.019 I 0.053 , i I

17
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NASTRAN FINITE ELEMENT MODEL

A-1
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The NASTRAN finite element model of the METSAT AMSU-A1 Module is shown as an

assembly in Figure A-1 thru A-4 in this appendix. Figures A-l, A-2, and A-3 show different views of the

model. Figure A-4 is a section view of the model, showing the components modeled in the interior (i.e.,

shelves, card cages, warmload structures). Elements and grids are highlighted in the piece part models of

Report 10738, Revision A, METSAT Advanced Microwave Sounding Unit -A1 (AMSU-A1) Structural

Mathematical Model, July 1996.
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Appendix B

NASTRAN FINITE ELEMENT MODEL

MATHEMATICAL VALIDITY CHECK

]3-1
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To demonstrate the mathematical soundness of the NASTRAN model, the model is subjected

to the GSFC 422-11-12-01 Paragraph 11.1.4.i Deliverable Model Validity Check, where a rigid-body or

stiffness-equilibrium check is performed. Using NASTRAN Solution 3, a DIAG 64 ALTER 126 DMAP is run.

The NASTRAN Executive Control Data Deck consists of:

ID AMSU1,RANDOM

TIME 60

SOL 3

$
DIAG 64

$
COMPILE SOL3,SOUIN=MSCSOU

ALTER 126
VECPLOT, ,BGPDT,EQEXIN,CSTM,,,,/RBGLOBAL/GRDPNT=O//4 $

VEC USET/VlfG'/'F'fCOMP' $

PARTN RBGLOBAL,V1/RBFF,,,/0 $

TRNSP RBFF/RBFFT $

MPYAD KFF,RBFFT/KFFR] $

MATGPR GPL,USET,SIL,K.FFR/fF'///1.E-2 $

DIAGONAL KFF/KFFD/OPT='SQUARE'/POWER=- I. $

MPYAD KFFD,KFFR,/KFFRN/$

MATGPR GPL,USET,SIL,KFFRN/fF'///SMALL= 1.E-5 $

ENDALTER

CEND

A NASTRAN correspondence on the rigid-body check describes the requirements of the test.

_The basic function of this check is to multiply through a cross product the free stiffness

matrix by the model rigid body matrix. The matrix that results from this multiplication can be thought of as
the internal forces that must be applied to the structure to overcome any model internal constraint to

achieve the desired rigid body motion. This matrix is titled the KFFR Matrix. The smaller the magnitude of

thc numbers in the matrix, the less internal constraint present in the model. The DMAP will print any

values larger than 10 -2. In an attempt to evaluate the effect of any internal constraint, the KFFR Matrix is

divided by the diagonal stiffness term of each respective row. The resulting matrix is considered
"normalized" and is titled the KFFRN Matrix. A satisfactory KFFRN Matrix will generally have terms less

than 10-5. ''

Thus terms of the KFFRN Matrix need be less than 10 -5.

The NASTRAN METSAT AMSU-A1 finite element model has been checked to conform to

GSFC 422-11-12-01 Paragraph 11.1.4.i requirements. All terms of the KFFRN Matrix are less than 10 -_.

The NASTRAN rigid-body check solution follows.

B-2
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Appendix C

METOP RANDOM VIBRATION STRESSES

(7 PERCENT CRITICAL DAMPING Q=7)
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